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ABSTRACT
Movement and Habitat Use of Bonneville Cutthroat Trout (Oncorhynchus Clarki utah): A
Case Study in the Temple Fork Watershed
by
Ryan L. Lokteff, Master of Science
Utah State University, 2014
Major Professor: Dr. Joseph M. Wheaton
Department: Watershed Sciences
Movement patterns and habitat use of Bonneville cutthroat trout (Oncorhynchus clarki
utah) in tributaries of the Logan River watershed are greatly affected by habitat alterations
created by North American Beaver (Castor canadensis). Evaluation of cutthroat trout habitat use in these watersheds is also complicated by biotic interactions with invasive brown
trout (Salmo trutta) and brook trout (Salvelinus fontinalis). My objectives in this thesis
were to 1.) Evaluate the passage of beaver dams by each trout species in the Temple Fork
watershed and 2.) Evaluate the habitat use of cutthroat trout in the presence of brown
trout and brook trout over a range of spatial scales.
To address these objectives, 1381 trout were fitted with passive integrated transponder
tags. Their locations were recorded using a combination of annual capture/recapture surveys, stationary in-stream antennas, and monthly continuous mobile antenna surveys. To
address objective 1, fish were located above and below 22 beaver dams to establish whether
fish passed dams and to identify downstream and upstream passage; 187 individual trout
were observed making 481 passes of all 22 beaver dams. Native Bonneville cutthroat trout
passed dams more frequently than both non-native brown trout and brook trout. It was
determined that spawning timing affected seasonal changes in dam passage for each species.
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Physical characteristics of dams such as height and upstream location affected the passage
of each species. Movement behaviors of each trout species were also evaluated to help explain dam passage. These data suggest beaver dams are not acting as barriers to movement
for cutthroat and brook trout but may be impeding the movements of invasive brown trout.
To address objective 2, a hierarchical classification of stream habitat was created using
the River Styles framework. The River Styles framework not only establishes a relationship
between habitats at different scales, but also attempts to understand the processes that create and maintain those habitats. The location of each fish observation was associated with
habitats at the stream, landscape unit, River Style, and geomorphic unit levels. Habitat
use of each species of fish was evaluated at each spatial scale using all fish observations over
the four-year study period. Hotspot locations, or locations used consistently by a species
of fish consistently through time, were also evaluated across the entire study period and
over each year. It was found that brook trout almost exclusively use the beaver ponds
and beaver-altered habitats in Spawn Creek. Brown trout were not found in the uppermost parts of both Spawn Creek and Temple Fork. They were also found more than the
other species in pools created by bedrock or man-made control features, suggesting that
they select highly stable habitats. Cutthroat trout were found more than brown trout in
beaver-altered habitats and lateral scour pools, suggesting that they select more dynamic,
naturally occurring habitats.
(93 pages)
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PUBLIC ABSTRACT
Movement and Habitat Use of Bonneville Cutthroat Trout (Oncorhynchus Clarki utah): A
Case Study in the Temple Fork Watershed

Movement patterns and habitat use of Bonneville cutthroat trout (Oncorhynchus clarki
utah) in tributaries of the Logan River watershed are greatly affected by habitat alterations
created by North American Beaver (Castor canadensis). Evaluation of cutthroat trout habitat use in these watersheds is also complicated by biotic interactions with invasive brown
trout (Salmo trutta) and brook trout (Salvelinus fontinalis). My objectives in this thesis
were to 1.) Evaluate the passage of beaver dams by each trout species in the Temple Fork
watershed and 2.) Evaluate the habitat use of cutthroat trout in the presence of brown
trout and brook trout over a range of spatial scales.
To address these objectives, 1381 trout were fitted with passive integrated transponder
tags. Their locations were recorded using a combination of annual capture/recapture surveys, stationary in-stream antennas, and monthly continuous mobile antenna surveys. To
address objective 1, fish were located above and below 22 beaver dams to establish whether
fish passed dams and to identify downstream and upstream passage; 187 individual trout
were observed making 481 passes of all 22 beaver dams. Native Bonneville cutthroat trout
passed dams more frequently than both non-native brown trout and brook trout. It was
determined that spawning timing affected seasonal changes in dam passage for each species.
Physical characteristics of dams such as height and upstream location affected the passage
of each species. Movement behaviors of each trout species were also evaluated to help explain dam passage. These data suggest beaver dams are not acting as barriers to movement
for cutthroat and brook trout but may be impeding the movements of invasive brown trout.
To address objective 2, a hierarchical classification of stream habitat was created using
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the River Styles framework. The River Styles framework not only establishes a relationship
between habitats at different scales, but also attempts to understand the processes that create and maintain those habitats. The location of each fish observation was associated with
habitats at the stream, landscape unit, River Style, and geomorphic unit levels. Habitat
use of each species of fish was evaluated at each spatial scale using all fish observations over
the four-year study period. Hotspot locations, or locations used consistently by a species
of fish consistently through time, were also evaluated across the entire study period and
over each year. It was found that brook trout almost exclusively use the beaver ponds
and beaver-altered habitats in Spawn Creek. Brown trout were not found in the uppermost parts of both Spawn Creek and Temple Fork. They were also found more than the
other species in pools created by bedrock or man-made control features, suggesting that
they select highly stable habitats. Cutthroat trout were found more than brown trout in
beaver-altered habitats and lateral scour pools, suggesting that they select more dynamic,
naturally occurring habitats.
Ryan L. Lokteff
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CHAPTER 1
INTRODUCTION
Inland cutthroat trout (Oncorhynchus clarki ) populations have been in decline over the
last 150 years (Dunham et al., 2002; McHugh and Budy, 2006; Young et al., 2005). Two of
the leading causes of the decline in populations are diminished habitat quality and availability and interactions with invasive non-native species such as brown trout (Salmo trutta) and
brook trout (Salvelinus fontinalis) (Budy et al., 2008, 2007; Dunham et al., 2002; Harig and
Faush, 2002; Hilderbrand and Kershner, 2004b; McHugh and Budy, 2005, 2006; McHugh
et al., 2008; Wood and Budy, 2009). Within the Great Basin in the intermountain U.S.,
the Bonneville cutthroat trout (Oncorhynchus clarki utah hereafter cutthroat trout) has
been listed as an imperiled species by the American Fisheries Societys Endangered Species
Committee (Jelks et al., 2008). The decline in Bonneville cutthroat trout populations and
reductions in available habitat create a need to more fully understand the habitat use and
movement patterns of Bonneville cutthroat trout in the presence of competing fish species.
To understand how cutthroat trout use the habitat that is available to them, previous studies have evaluated the movement patterns of these fish. Studies have evaluated
large scale movement timing (Bernard and Israelsen, 1982), travel distances over one year
(Hilderbrand and Kershner, 2000b), and growth and condition of mobile and resident fish
(Hilderbrand and Kershner, 2004a). However, a missing component of cutthroat trout
movement is the influence of beaver dams. As beaver populations recover in many western
streams (Naiman et al., 1988), cutthroat trout movement and habitat use are affected by
stream alterations caused by beaver. Few studies have evaluated trout passage of beaver
dams and it is unclear whether beaver dams act as movement barriers (Collen and Gibson,
2000; Gard, 1961; Kemp et al., 2012). A better understanding of trout passage of beaver
dams (moving upstream or downstream past a beaver dam) is needed in order to understand
fish habitat use in streams affected by beaver dams. Knowledge of beaver dam passage by
multiple trout species is important in understanding the spatial distribution of different
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trout species and the role beaver dams play in habitat accessibility. Moreover, if beaver
dam passage differs among native and non-native trout species, it could have important
implications on competition effects.
Numerous studies have evaluated the habitat use of cutthroat trout (e.g. Binns and Eiserman, 1979; Budy et al., 2008; Harig and Faush, 2002; Hilderbrand and Kershner, 2000a;
White and Rahel, 2008) and their interactions with competing fish species (Budy et al.,
2008, 2007; de la Hoz Franco and Budy, 2005; Dunham et al., 2002; Hilderbrand and Kershner, 2004b; McHugh and Budy, 2005, 2006; McHugh et al., 2008). These studies have
shown broad scale preferences in the spatial distribution of cutthroat trout, brown trout,
and brook trout across a drainage network. However, it is unclear how cutthroat trout,
brown trout, and brook trout use their environment at finer reach scales (i.e. 102 to 103 m)
and geomorphic unit scales (i.e. 100 to 101 m). More research is also needed on habitat use
across multiple hierarchical spatial scales and how these habitats are related to each other
(Fausch et al., 2002; Poole, 2002).
The Logan River and its tributaries in northern Utah are one of the last remaining systems supporting a significant population of the native Bonneville cutthroat trout (Hansen
and Budy, 2011; Harig and Faush, 2002). In the Logan River, cutthroat trout are generally found in the cooler higher elevation reaches, brown trout are found in warmer lower
elevation reaches, and brook trout are found in the uppermost headwaters in tributaries.
Temple Fork is unique in that it is a mid-elevation tributary where all three trout species
are found (Budy et al., 2008). This creates an opportunity to look at differences in habitat
use of these three species in a location where they all co-occur. Presence of each species
over multiple spatial scales may indicate different environmental conditions affecting their
habitat use and movement. Habitat use of cutthroat trout at multiple spatial scales may
also change in the presence or absence of competing trout species.
The overarching aim of my thesis is to explore the habitat use and movement of the
three trout species in Temple Fork in two ways. In my first chapter, I will address whether
beaver dams act as movement barriers to trout and if so to what degree. Not only will I
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look for differences in the number of dam passes for each species, I will evaluate aspects
of trout movement such as seasonal dam passage timing, size class distributions, physical
dam characteristics, and overall movement patterns for each species. In my second chapter,
I will use a multiscalar assessment of habitat coupled with a high-temporal resolution (i.e.
monthly) time series of mobile-pit-tag antennae and capture observations of each species to
look for patterns and controls on habitat use. Together, these studies should help illuminate
trends in habitat utilization of Bonneville cutthroat trout in the presence of competing fish
species and provide insight to managers seeking to conserve and/or restore habitat conditions for these species. Results on trout beaver dam passage may provide insight into
the relationships between each trout species and beaver. The resulting relationships may
provide implications toward the management of beaver in native fish habitats. Results on
the differences in the multiscalar habitat use of each trout species may help identify coarse
scale landscape level controls on habitat use. Fine scale differences in habitat use may also
provide information on specific local habitats preferred by each species. It will also provide
insight toward the features that control fine scale habitat features used by trout.
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CHAPTER 2
DO BEAVER DAMS IMPEDE THE MOVEMENT OF TROUT?

2.1

INTRODUCTION
Before settlement by Europeans, North American beavers (Castor canadensis)(hereafter,

”beavers”) played a significant role in the shaping the habitats of North American fishes
(Naiman et al., 1988). The extensive removal of beaver beginning in the 17th century affected native fish such as Brook Trout (Salvelinus fontinalis) in the east and Cutthroat
Trout (Oncorhynchus clarkii ) in the west. With the recent recovery of beaver in some
western streams (Naiman et al., 1988), the reintroduction of beavers into other streams,
and restoration projects which seek to mimic the effects beaver have on stream processes
(DeVries et al., 2012; Pollock et al., 2011), a better understanding of the interactions between beaver and native fish is needed. This understanding would permit improved choices
and prioritization in how and where these types of restoration activities are used, especially
in the presence of declining native Cutthroat Trout (Budy et al., 2012) and Brook Trout
populations (Fausch, 2008; Marschall and Crowder, 1996).
It has been suggested that the increased habitat complexity found in reaches (especially
lower-stream-order reaches) with beaver dams benefits salmonid species in western North
America (Collen and Gibson, 2000; Gard, 1961; Kemp et al., 2012; Neff, 1957) and provides
vital habitats for threatened or imperiled fish species. Deeper water with low velocities
and high wood abundances provides important rearing habitat for Endangered Species Act
(ESA)-listed Coho Salmon (O. kisutch) (Pollock et al., 2004). White and Rahel (2008)
showed complementation of different habitat types, including beaver ponds, supported the
needs of multiple life stages of imperiled Bonneville Cutthroat Trout (O. clarkii utah) and
increased their recruitment. Beaver ponds provide vital overwinter habitat in streams that
otherwise may freeze throughout their entire depth (Cunjak, 1996; Lindstrom and Hubert,
2004). Collen and Gibson (2000) identified other benefits to fish dwelling within the pond
such as cover created by the beaver lodge and food cache; stabilization of stream flows;
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increased sediment storage in the pond, thus creating spawning habitats below the dam;
and an increase in lentic invertebrates. These benefits may also be exploited by numerous
pool-dwelling ESA-listed Pacific salmon (Murphy et al., 1989). We postulate that native
fish are more likely to benefit from the habitat heterogeneity created by beavers if they are
adept at passing beaver dams to access those different habitats.
Even in small streams, beaver dams can be up to 2.5 meters tall and it is logical that
such dams might act as barriers to upstream migration of fish (Kemp et al., 2012). However,
the diversity of flow paths over, though, under, and around (e.g. side channels that act as
fish ladders) such dams provide a number of plausible pathways for upstream movement
(Schlosser, 1995). Moreover, these flow paths change regularly with beaver maintenance
and construction activities and with fluctuations in discharge.
Whether beaver dams act as a barrier to fish and to what extent they impede the
movement of different species are questions in need of clarification. Kemp et al. (2012)
reviewed 108 studies evaluating the effects of beaver dams on fish and fish habitat; beaver
dams were cited as barriers to fish movement in 43% of the papers and this was the most
common adverse effect discussed. However, this putative negative effect was speculative in
that 78% of studies did not support this claim with data (Kemp et al., 2012).
The objective of our study was to evaluate whether trout can pass beaver dams. The
Logan River, Utah, serves as an ideal study area, as it contains native Bonneville Cutthroat
Trout that compete with two non-native species - the Brook Trout and Brown Trout (Salmo
trutta) - in beaver-altered habitats. Differences in the passage behaviors among the three
trout species may provide information that is crucial to the future conservation of Bonneville Cutthroat Trout. Knowledge of dam passage by trout may also have implications
for fisheries and land managers in streams where beaver dams exist or where beaver dam
surrogate structures are being implemented as a means of stream restoration (DeVries et al.,
2012; Pollock et al., 2009).
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2.2

STUDY SITE
Temple Fork (watershed area = 41.5 km2 ) is a third-order tributary to the Logan River,

and Spawn Creek (14.6 km2 ) is a second-order tributary to Temple Fork (Figure 2.1). The
Temple Fork and Spawn Creek watershed sizes are 41.5 square kilometers and 14.6 square
kilometers, respectively. The Temple Fork watershed is a good analogue for lower order,
montane trout streams in the intermountain west. The annual hydrograph of Temple Fork
consists of peak flows dominated by spring snowmelt and base flow (0.28 1.39 m3 /s) that
is supported by year-round spring flow (Seidel, 2009). Peak stream flows usually occur in
May to June and are approximately five times base flow (de la Hoz Franco and Budy, 2005;
Seidel, 2009). At base flow, wetted widths in reaches without dams are approximately 5.0
m in Temple Fork above Spawn Creek and 2.5 m in Spawn Creek.
From 2008 to 2011, beaver maintained 27 dams along Temple Fork and Spawn Creek
(Figure 2.2)(Figure 2.3). It is worth noting that just upstream of our study site boundary
on Temple Fork, beaver have built 12 new dams in a 200-m reach during 2012. Of the
21 dams evaluated in this study, three were constructed during the study period and four
other dams were breached or blown out during the 2011 spring runoff floods (Table 2.1).
Of the four dams impacted by the 2011 floods, all were on Temple Fork. Two dams were
completely blown out and have not been repaired (T3 and T9) while the other two dams
(T4 and T8) had only minor breaches and have not been repaired. Many of the ponds in
the upper portion of Spawn Creek are part of a major dam complex that has been present
for over 30 years (Bernard and Israelsen, 1982). By contrast, the valley bottom road up
Temple Fork, which was not removed until the mid-1990s minimized development of beaver
ponds in this area until recently. The uppermost dams of Spawn Creek and Temple Fork
are not included in this study because they are above the area where fish were marked and
were not consistently scanned for fish presence.
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Fig. 2.1: Map of the Temple Fork and Spawn Creek study area in Utah. Stream linewidths
and colors indicate different stream reaches. Bar graphs show the proportion of each trout
species among the fish that were initially captured in each reach (Cutthroat = Bonneville
Cutthroat Trout; Brown = Brown Trout; Brook = Brook Trout).
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Fig. 2.2: Locations of beaver dams in Temple Fork. Dams are numbered in the upstream
direction; side channels are indicated (A, B, and C locations in the upper right panel
correspond to panels AC). Brown Trout were not observed above dam T4, and Brook Trout
were not present in Temple Fork.
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Fig. 2.3: Locations of beaver dams in Spawn Creek. Dams are numbered in the upstream
direction; side channels are indicated (A and B locations in the upper right panel correspond
to panels A, B). Dams S4 and S7 have left and right components. Brown Trout did not
pass S7.
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Table 2.1: Physical characteristics of beaver dams evaluated in Temple Fork and Spawn
Creek, Utah. Dam codes correspond to those in Figures 2 and 3 (in the dam code, T =
Temple Fork, S = Spawn Creek; R = right component, L left component). Height is beaver
dam height measured from the downstream side of the dam. Max depth is the maximum
depth of the pool created by the beaver dam. Flow is the dominant flow path at the dam
during spring 2011 (over flow spilled over the dam; under = flow spilled at the bottom of
the dam; through = flow leaked through the entire structure; all = all flow paths). Side
channels indicates whether there was a path of water that circumvented the dam structure.
Dam built indicates the period in which beavers started construction on a dam. Two dams
failed during the spring of 2011.

Dam Code
T1
T2
T3
T4
T5
T6
T7
T8
T9
S1
S2
S3
S4R1
S4R2
S4L
S5
S6
S7R
S7L
S8
S9

2.3

Height
(cm)
35
200
100
50
75
125
90
125
200
110
135
60
70
65
65
110
75
85
100
75
120

Max
Depth (cm)
50
125
60
50
100
75
75
85
125
70
70
25
40
60
65
50
40
55
15
65
85

Flow
Over
Under
Under
Over
Through
Under
Under
Through
Under
All
All
Over
Under
Under
All
All
All
Under
All
All
All

Side
Channels?
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

Dam Built
Pre-Study
Pre-Study
Pre-Study; failed in 2011
Pre-Study
Pre-Study
Pre-Study
Pre-Study
Pre-Study
Pre-Study; failed in 2011
Nov 2010
Nov 2010
Pre-Study;
Pre-Study
Pre-Study
Pre-Study
Pre-Study
Pre-Study
Pre-Study
Pre-Study
June 2010
Pre-Study

METHODS
Between 2008 and 2011, we captured 1375 trout in Spawn Creek and Temple Fork and
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fitted them with PIT tags which permitted us to track unique fish (Moore, 1992). Some
fish originally tagged in the Logan River were also detected in the study streams and were
included in this study. Fish were captured during summer months by electrofishing and
angling. Upon initial capture of a trout, a Biomark full-duplex 12 mm PIT tag was placed
subcutaneously behind the dorsal fin. The capture location was recorded with a hand-held
GPS unit. The numbers of fish tagged varied within and among streams (Table 2.2). In
addition to their use in evaluating beaver dam passage by trout, these PIT-tagged fish were
part of a larger study to evaluate movement, growth, and habitat use within these streams.
Table 2.2: Numbers of trout that were captured and tagged during each year and in each
study stream. Tagging numbers were lower in 2011 due to near record-high flows. Some
trout were tagged in the Logan River and migrated into the study streams.

Year or Stream
2008
2009
2010
2011
Temple Fork
Spawn Creek
Logan River

Bonneville
Cutthroat Trout
39
491
478
150
602
308
248

Brown
Trout
3
161
199
60
190
124
109

Brook
Trout
1
66
22
62
NA
151
NA

To determine whether the fish passed beaver dams, we used a variety of spatially explicit
data collected for individual fish. The GPS coordinates of fish locations were taken from
capture locations, stationary antennas, and mobile antennas. Stationary PIT tag antennas
were located (1) in Temple Fork just upstream from its confluence with the Logan River,
(2) in Temple Fork just upstream from its confluence with Spawn Creek, and (3) in Spawn
Creek just upstream from its junction with Temple Fork (Figure 2.1). The Temple ForkSpawn Creek antenna array began operation in May 2009 and identified fish that moved
into or out of the area with beaver ponds. Active scanning upstream of the stationary
antennas in both creeks by using a mobile antenna commenced on a monthly basis in May
2009. Mobile efforts entailed one or two observers moving upstream with PIT tag receivers
attached to a wand that detected fish in the stream. Detection of individual fish in this
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small stream system was aided by the use of two observers with mobile antennas to actively
search all available habitat (Randall, 2012). During mobile scanning, locations of tagged
fish were determined by synchronizing the location of a handheld GPS unit when each fish
was recorded by the PIT tag receiver.
Initial and resight locations of trout were plotted by snapping the GPS point to the
nearest location on a stream layer digitized from 1-m aerial imagery using ArcGIS version
10.0. A fish was designated as having passed a beaver dam if we recorded that fish at
locations both above and below a given dam. Each pass was summarized by pass direction,
dam, and species. Statistical differences in beaver dam passes among the trout species
were determined by comparing the number of dam passes made by each species against the
expected number of dam passes based on the proportional representation of each species
among the tagged fish. We used a chi-square test to determine whether passage differed
among the species. The null hypothesis was that the number of passes for a given species
reflected the proportion of tagged fish of that species. The expected number of passes for
a given species was calculated by multiplying the total number of passes (i.e., for fish of all
species) by that species’ proportion among the tagged fish. This was done for both streams
(overall) as well as for each stream. Additionally, we evaluated whether fish passage at a
beaver dam was equally likely occur in upstream and downstream directions.
Movement direction (upstream or downstream) was determined based on the locations
and dates of the observations. The date of fish passage at a beaver dam was estimated
by assigning the month representing the midpoint between two successive observations.
For situations in which the period between the two observations exceeded six months, we
disregarded those data in our evaluation of fish movement timing. The null hypothesis for
fish movement was that movement was independent of month.
To determine whether dam passage was affected by differences in the propensity of
each trout species to move, we summed the absolute values of minimum observed distances
traveled by each individual fish over all observations. These sums provide information on
minimum travel distances because we only recorded movement between two observations
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and not actual fish movement during unobserved periods. The total movement distances of
each fish were used to determine the median of total movement for each species.
To determine the size of fish that passed beaver dams, fish length on the predicted
date of dam passage was estimated. Growth in length (TL; mm/d) was based on all fish
that had been captured multiple times and was calculated by dividing the observed growth
by the time period between captures. Daily growth rates were calculated for each species.
Average growth rates were applied to the length of time between the most recent capture
event and the estimated date of beaver dam passage to determine the length of each fish at
the time of passage. To reduce error with these predictions, we used size-class distributions
consisting of 50-mm bins (<150, 151-200, 210-250, 251-300, >300 mm). The size-classes
for the tagged population of each species and the size-classes of fish that passed dams were
compared by using a chi-squared test.
The physical characteristics of the beaver dams within both streams were determined
during the spring of 2011. Attributes that were recorded included dam height (from the
streambed on the downstream side), maximum pond depth, and whether side channels were
present (Figure 2.4). In addition, side channels and dam crests were mapped as polylines,
and the upstream backwater of the pond from the dam was mapped as a point with a
Juniper Archer map-grade GPS unit and ArcPad. Spawn Creek dam 4 (S4) represented
a set of three dams built on two channels (Figure 2.3). These dams were grouped for the
analysis to avoid ambiguities arising from the fact that fish located above and below this
complex could have passed the dams in either channel. A similar situation occurred at
Spawn Creek dam 7 (S7). For each group of dams, the dam with the shortest height was
used in the analysis of dam height.
We used linear regression to determine which beaver dam characteristics affected fish
passage at the dams. We assumed dam height, stream (Spawn Creek or Temple Fork),
and side channels (present or absent) would be the primary dam characteristics governing
fish passage. As such we considered six models explaining passage by each trout species:
(1) passage was affected by dam height; (2) passage was affected by the presence of a side
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Side Channels

Fig. 2.4: Photo of Temple Fork beaver dam 6 (T6). This dam has been in place since
2004 and contains multiple side channels; it was passed in both directions (upstream and
downstream) by Bonneville Cutthroat Trout.
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channel around the dam; (3) passage was affected by dam number, which reflected dam
position in the stream (i.e., higher numbers, such as T7 or S9, represented dams that were
located further upstream); (4) passage was affected by dam height, with separate intercepts
for each stream; (5) passage was affected by the presence of a side channel, with separate
intercepts for each stream; and (6) passage was affected by the dam number, with different
intercepts for each stream. We used these models to evaluate all passes as well as only
upstream passes. Because five of the dams (T3, T9, S1, S2, S8) were not in place the entire
time frame of the study, the number of fish that would have passed each of those dams was
estimated by expanding the number of fish detected as passing a dam to the 3.5-year study
period. The best model for each species was chosen by using Akaike’s information criterion
corrected for small sample size (AICc; package MuMIn in R software Barton (2012)). The
best model was averaged across all models for which AICc values differed by less than 2.0
(Burnham and Anderson, 2002). An attribute with a model weight of 1.0 meant that it was
included in all competing models. The closer a model weight was to 0.0, the less evidence
that inclusion of the attribute improved the understanding of the data. We present adjusted
R2 values for the best model to reflect the explained variation in the data.

2.4

RESULTS
We recorded 481 individual passage events by trout at beaver dams. Of those passes,

53 were single passes by unique individuals, whereas the remaining 428 passes were from
fish that passed multiple dams (Figure 2.5). Overall, passage at beaver dams differed significantly among the three species (P<0.001; Table 2.3). Relative to each species’ proportional
representation among the tagged fish, Bonneville Cutthroat Trout were more likely to pass
beaver dams, while Brown Trout were less likely to pass dams. Brook Trout passed dams
as often as expected given the number of tagged fish.
Among the fish that were tagged in Temple Fork and Spawn Creek, at least15.9% of
the Bonneville Cutthroat Trout, 4.5% of the Brown Trout, and 18.7% of the Brook Trout
passed at least one dam. These values represent minimum estimates because (1) not all
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Fig. 2.5: Number of beaver dams that were passed by tagged trout within Temple Fork and
Spawn Creek (Cutthroat = Bonneville Cutthroat Trout; Brown = Brown Trout; Brook =
Brook Trout). This graph only includes fish that passed at least one dam in any direction;
it excludes the 84.1% of Bonneville Cutthroat Trout, 95.5% of Brown Trout, and 81.3% of
Brook Trout that were never detected as passing any beaver dam.
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Table 2.3: Beaver dam passage by the three trout species in Temple Fork, in Spawn Creek,
and overall (both streams). The total number of passes in both upstream and downstream
directions is shown, along with the number expected (Exp; in parentheses) based on the
number of tagged fish. The P-values are the results of chi-square tests.

Location
Overall
Temple Fork
Spawn Creek

Bonneville
Cutthroat Trout (Exp)
394(312)
251(197)
143(112)

Brown
Trout (Exp)
29(107)
8(62)
21(45)

Brook
Trout (Exp)
58(55)
NA
58(55)

P-value
<0.001
<0.001
<0.001

tagged fish were relocated and (2) some fish could have moved over a dam and back to their
previous location between detections and thus would not have been recorded as passing the
dam. Of the fish that passed at least one dam, the majority were detected as exhibiting
passage events at two or more dams (Figure 5).
Every evaluated dam was passed by trout, and each dam was associated with both
upstream and downstream passage events (Figure 2.6). We found Bonneville Cutthroat
Trout and Brook Trout were significantly (P<0.001) more likely to move downstream over
dams than to move upstream. The few Brown Trout that we detected as moving past dams
seemed to have an equal likelihood of moving upstream and moving downstream.
Timing of fish movement differed among the trout species (Figure 2.7). Bonneville
Cutthroat Trout passed beaver dams more often than expected from May to September
and less often than expected during the remaining months (P<0.001). Brown Trout passed
dams more often than expected in January, September and October and less often than
expected during the remaining months (P=0.053). Brook Trout passed dams more often
than expected in June and July and less often than expected in other months (P<0.001).
Dam passage could be partially explained by the difference in movement proclivities
among species. The median movement distance of fish tagged within the study area was
227 m for Bonneville Cutthroat Trout, 48 m for Brown Trout, and 8 m for Brook Trout.
The high median movement distance of Bonneville Cutthroat Trout and the extended tail
of their movement distribution (Figure 2.8) corresponds to the more frequent dam passage
of this species. The lower median movement movement distance and narrower movement
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Fig. 2.6: Direction of movement (downstream or upstream) by tagged trout at each of the
beaver dams studied in Temple Fork (T1T9) and Spawn Creek (S1S9; see Figures 2, 3 and
Table 2). For each stream, the x-axis presents dams in order from downstream to upstream.
Note that the scale of the y-axis (number of passes) differs among species.
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Fig. 2.7: Timing of beaver dam passage events (in both upstream and downstream directions) by each trout species within Temple Fork and Spawn Creek (Cutthroat = Bonneville
Cutthroat Trout; Brown = Brown Trout; Brook = Brook Trout). Only fish that had repeat observations within 6 months and that passed a dam are included in this figure. The
month of passage was determined based on the middle date between two successive resight
events; passage events that were separated by a period greater than 6 months were not
used. Percentage of dam passes was calculated separately for each species (i.e., the total
for each species sums to 100%).
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distribution for Brown Trout could partially explain their lower frequency of beaver dam
passage. The very limited distance traveled by Brook Trout did not correspond well with
their dam passage counts in Spawn Creek. The combination of a low movement distance
with relatively high frequency of dam passage indicates redistribution of Brook Trout within
a dam complex rather than passage at multiple dams related to longer migratory movements.
The sizes of fish that passed beaver dams (upstream and downstream passes combined)
differed by species. Our results indicate that for Bonneville Cutthroat Trout fewer fish less
than 200 mm and more fish greater than 300 mm passed dams than would be expected
based on the size class distribution of this population (chi-square test: P0.001). The size
of Brown Trout that passed dams was different than expected based on the population’s
size-class distribution (P=0.011). The number of Brown Trout larger than 300 mm that
passed dams was lower than expected. In contrast, Brown Trout in the 201-250 mm sizeclass passed dams nearly 2.5 times more often than expected. Size was not related to dam
passage for Brook Trout (P=0.70).
Physical attributes of individual beaver dams differed slightly between the two evaluated streams (Table 1). Beaver ponds in Temple Fork were taller on average than those in
Spawn Creek (111 cm vs 89 cm). The depths of pools formed by beaver ponds were greater
in Temple Fork (83 cm) than Spawn Creek (53 cm). Almost every beaver pond in both
streams could be circumnavigated by a side channel; in Temple Fork, 89% of beaver ponds
had side channels whereas in Spawn Creek 75% of beaver ponds had side channels.
All of the study dams were passed by Bonneville Cutthroat Trout, regardless of the
physical characteristics of the dam. Even the dams exceeding 2 m in height (T2 and T9)
had 5 and 2 upstream passes and 18 and 4 downstream passes, respectively.
The best model for total dam passage by Bonneville Cutthroat Trout included a single significant (P=0.03; adjusted R2 = 0.22) slope for dam number (model weight = 1.0;
(Figure 2.9)). The further upstream a dam was in each river (i.e., as reflected by the dam
number), the fewer fish passed that dam. The best model had the same negative slope for
both streams. When only upstream passes are assessed for Bonneville Cutthroat Trout,
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Fig. 2.8: Movement distance by trout species within Temple Fork and Spawn Creek (Brook
= Brook Trout; Brown = Brown Trout; Cutthroat = Bonneville Cutthroat Trout). The
line within each box represents the median; the ends of the box represent the 25th and
75th percentiles; whiskers represent 1.5 times the interquartile range; and circles represent
outliers.
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three attributes are present in the best model (R2 = 0.21): dam height (model weight =
0.44), dam number (model weight = 0.39), and side channel presence (model weight =
0.17). All of these predictors had a negative slope, indicating that dam passage decreased
(1) as dam height increased, (2) as dam number increased, and (3) if side channels were
present. Even though these predictors were included in the best model Using AICc, the
slope for each predictor was not significant (P¿0.10).
The best model for Brown Trout included dam number (model weight = 0.48) as well
as dam height (model weight = 0.33), and side channel presence (model weight = 0.19).
Passage at dams decreased as dam number increased and as dam height increased; passage
increased at dams when side channels were absent. However, the best model did a poor job
in explaining the data (P¿0.1, adjusted R2 =0.06). When only upstream passes of Brown
Trout were considered, the same three attributes are present in the best model (R2 = 0.15):
dam height (model weight = 0.41), dam number (model weight = 0.33), and side channel
presence (model weight = 0.26). Again, these predictors were not significant (P¿0.1).
We found that the best model for Brook Trout included stream (model weight = 1),
dam number (model weight = 0.37), side channel presence (model weight = 0.37), and dam
height (model weight = 0.26). The large weight due to stream was attributable to the
absence of Brook Trout in Temple Fork. For Spawn Creek the best model indicated that
(1) dams higher in the system (i.e., higher dam number) were more likely to be passed;
(2) the presence of side channels resulted in more Brook Trout passage events; and (3) as
dam height increased, dam passage by Brook Trout decreased. This model was significant
(P=0.02, R2=0.35), but this was mainly due to the lack of Brook Trout in Temple Fork.
When only upstream passes were evaluated for Brook Trout, stream was identified as the
most important predictor (model weight = 1) and the same three dam attributes were
present in the best model (R2 = 0.29): dam height (model weight = 0.30), dam number
(model weight = 0.39), and side channel presence (model weight = 0.31). The slopes of
upstream dam number and side channel presence were both positive, indicating that dams
with side channels and dams located further upstream were more likely to be passed by
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Fig. 2.9: Graph depicting the best model for Bonneville Cutthroat Trout passage at beaver
dams in Temple Fork and Spawn Creek. The x-axis presents dam number (T1T9 or S1S9)
from downstream to upstream. The regression line shows that dams located further upstream were less likely to be passed. The number of passes at each dam includes both
upstream and downstream passes and was adjusted for dams that were not in place during
the entire study period.
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Brook Trout.

2.5

DISCUSSION
All three species of trout evaluated in our study passed beaver dams. Our observations

show that Bonneville Cutthroat Trout and Brook Trout passed beaver dams mor ethan
expected. Brown Trout passed dams less than expected, and the majority of passes we observed were at smaller dams where Brown Trout concentrations were relatively high. Our
results indicate that Bonneville Cutthraot Trout and Brook Trout are readily capable of
negotiating large beaver dams. Brown Trout movements are more restricted, as shown by
a lack of passage at larger dams. It appears that beaver dams benefit Bonneville Cutthroat
Trout in the presence of Brown Trout by impeding the movements and migrations of Brown
Trout and by keeping these nonnative fish out of upstream reaches. Still, questions remain
regarding dam passage timing, movement behavior, specific mechanisms of dam passage,
and restoration implications. We discuss each of these below.

2.5.1

Dam Passage Timing

We found that peak passage of beaver dams coincided with spawning migrations for
Bonneville Cutthroat Trout and Brown Trout but not for Brook Trout. Bonneville Cutthroat Trout passed beaver dams at high frequencies during their spawning season in May
to July (Seidel, 2009), but their passage was also high in the months after spawning. Movement during these months spanned the breadth of stream flow conditions ranging from
peak flows to base flows. Movement in the upstream and downstream directions was approximately equal during May-August (54 upstream passes, 58 downstream passes) but
movement was decidedly greater in the upstream direction in September (17 upstream, 8
downstream). Such movement patterns suggest that Bonneville Cutthroat Trout are seeking areas in which to recover after spawning. Movement during late summer indicates these
fish can pass beaver dams in both directions during times of year with low base flows.
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Elevated dam passage by Brown Trout coincided with spawning; the highest passage
rate occurring just prior to their late-fall and early winter spawning season (Wood and
Budy, 2009). The number of dam passes made by Brown Trout in September and October
were low (4 upstream passes, 5 downstream passes) because 95.5% of the Brown Trout
tagged for this study were never detected as passing a beaver dam. Observed passage by
Brown Trout during fall low-streamflow periods suggests that they are able to pass dams
at this time. The low passage rate provides some support to the assertion that this passage
by Brown Trout at beaver dams is hindered by low flows (Rosell et al., 2005; Schlosser and
Kallemeyn, 2000; Taylor et al., 2010). However, our sample size of Brown Trout passing
beaver dams was limited, so further research is needed to test whether Brown Trout are
able to pass dams at low flows.
Brook Trout passed beaver dams in June when streamflows were high and Bonneville
Cutthroat Trout were spawning. Movement during this time of year would be facilitated
by side channels with sufficient flow and by increased flows passing over and through dams.
Brook Trout movement in June may correspond to Bonneville Cutthroat Trout spawning;
Brook Trout could be relocating to benefit from foraging on Bonneville Cutthroat Trout
eggs and on insects that are displaced during spawning by the native trout. Although
Brook Trout passage was not related to their fall spawning season, it could reflect an adaptive history of Brook Trout to redistribute during times of high flow (Peterson and Fausch,
2003). Within the Brook Trouts native range, movement in relation to changing flows in the
small streams is likely related to rainfall events that are less predictable than the snowmeltdominated runoff found in the Spawn Creek watershed (Scruton et al., 2003). Since this
system has predictable snowmelt-mediated high-flow events, higher passage rates during
these periods provide evidence that Brook Trout are being aided in dam passage by flashy,
higher-peaked, rain-dominated flow events.

2.5.2

Dam-Influenced Movement Behaviors

Understanding dam passage as it relates to movement patterns for each species is
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complicated. Behaviors inherent to each of these trout species could affect dam passage,
but the dams could be modifying these behaviors. Based on movement distances, Bonneville
Cutthroat Trout encountered dams more frequently than Brook Trout or Brown Trout, yet
approximately the same percentage of tagged Brook Trout passed at least one dam even
though this species demonstrated the most restricted movement. All three species appeared
to be adept at passing multiple dams (Figure 5). However, only 14 individual Brown Trout
passed any dam at all. The majority of Brown Trout that passed more than one beaver
dam did so in the upper Spawn Creek dam complex where dams are closely spaced. This
pattern of passing multiple dams is the same for Brook Trout in upper Spawn Creek. A
higher number of individual Bonneville Cutthroat Trout (n=145) passed at least one beaver
dam, and a larger proportion of these fish passed more than two dams (Figure 5). Future
research is needed to determine whether beaver dams restrict fish movement or whether
fish exhibiting a higher propensity to migrate will pass more dams simply because they
encounter more dams.
Beaver dams in downstream locations have the potential to restrict the movements of
Brown Trout. In the Temple Fork area of where Brown Trout are the dominant species,
there are two large dams (T2 and T3) that were passed only seven times. We have yet
to document a Brown Trout that has successfully passed T2 while moving in an upstream
direction. This same pattern was seen in Spawn Creek at S1 and S2 (which were only
in place during the last year of our study period), where we have yet to document any
passage of Brown Trout. The lack of upstream passes of Brown Trout over these recently
built beaver dams indicates that the dams have so far impeded the upstream movements of
Brown Trout. Therefore, large dams in the downstream areas of these streams may slow the
movement of Brown Trout into habitats that are occupied by Bonneville Cutthroat Trout.
The size class distributions of fish that passed beaver dams differed among the three
species. Brook Trout appeared to have the ability to pass dams regardless of fish size. In
contrast, we observed only one large (¿300 mm) Brown Trout passing a beaver dam in
the downstream direction. The high number of 201-250 mm Brown Trout passing dams in
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both directions (4 upstream passes, 6 downstream passes) may be the result of an increase
in spawning-related movement as the fish reach sexual maturity. This observation suggests
that younger Brown Trout would be more able to invade stream systems with beaver ponds.
The higher-than-expected passage by large sizes of Bonneville Cutthroat Trout supports the
idea that size does not affect the passage of this species at beaver dams. The largest sizeclass of Bonneville Cutthroat Trout (¿350 mm) passed dams in both directions (4 upstream
passes, 2 downstream passes) over three times more than expected based on their frequency
in the tagged population.
The high level of passage by Bonneville Cutthroat Trout at S1 and S2 is remarkable
considering the height of these dams and the relatively short duration for which they were
in place. Bonneville Cutthroat Trout have passed S1 14 times and passed S2 17 times, even
though these two dams were in place only for the final 16 months of the study period. High
passage frequency at S1 and S2 is necessary since most of the spawning locations within
Spawn Creek are upstream of these dams. Recently, spawning activity has increased within
the 75 m above the pool of S2 (Brett Roper; unpublished data).

2.5.3

Dam Passage Mechanisms

To fully understand the mechanisms of beaver dam passage, broader samples of streams
and beaver ponds are needed. Measuring the geometry of scour pools at the base of dams
could contribute to understanding whether it is possible for a fish to leap over a dam. We
need a better understanding of how and when fish pass beaver dams as well as the characteristics of dam passage attempts that are unsuccessful. Placement of stationary antennas
along the face of the dam and in side channels could be configured to provide a more direct measurement of whether some fish are attempting to pass dams and whether they are
successful. The evaluation of trout passage at beaver dams is complicated by the dynamic
nature of beaver dams. Beavers frequently reengineer their habitat. Over the course of this
study, beavers constructed two new dams (S1 and S2), and two dams failed (T3 and T9).
Two dams (T2 and S9)increased in height and length, and their ponds increased in depth.
For a number of dams, flow patterns around (side channels) and through (over the dam to
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under the dam) the dams also changed during the study period. These physical changes
can alter whether and how fish movement is facilitated on a daily to annual basis. The
dramatic and subtle changes we observed in beaver dam configuration suggest that dam
characteristics must be examined more closely over time rather than measuring them at a
single point in time (i.e., as was done in this study).

2.5.4

Restoration And Conservation Implications

Our findings of the apparent ease with which Bonneville Cutthroat Trout and Brook
Trout passed beaver dams are of fundamental importance to restoration and conservation
efforts aimed at restoring native trout populations. Our results refute the largely speculative concerns about beaver dams acting as migration barriers. This is timely in light
of an increasing number of examples in which dam-building beavers are used to reconnect
floodplains and restore fish habitat (e.g. Pollock et al., 2011), or in which beaver activity
is mimicked to bring about desired changes in stream habitat (DeVries et al., 2012). Our
results also have positive implications for the management and conservation of declining
native Brook Trout in eastern North America (Petty et al., 2005). Reintroducing beavers
or promoting the beaver as a conservation species - instead of treating them as a nuisance may provide a means to conserve and restore Brook Trout populations. If nonnative Brown
Trout movement is indeed constrained by the presence of beaver dams, then beaver reintroduction may have the added advantage of shifting the competitive advantage back to native
trout species.
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CHAPTER 3
FISH HABITAT ASSOCIATIONS OF NATIVE AND INTRODUCED TROUT ACROSS
HIERARCHICALLY SCALED HABITAT CHARACTERISTICS

3.1

INTRODUCTION
A multi-scalar perspective to evaluate the habitat use of stream fish has been advocated

by many different investigators (e.g. Bozek and Rahel, 1991; Buffington and Montgomery,
2013; Bult et al., 1998; Carbonneau et al., 2012; Fausch et al., 2002; Hart and Finelli, 1999;
Imhol et al., 1996; Jackson et al., 2001; Johnson and Host, 2010; Mesquita et al., 2006;
Poizat and Pont, 1996; Rice et al., 2010; Rosenfeld, 2003; Thorp et al., 2013; Torgersen
et al., 2006, 1999) . Many of these investigators have recognized the relationships among
habitats across nested hierarchical spatial scales (e.g. Bozek and Rahel, 1991; Bult et al.,
1998; Fausch et al., 2002; Hart and Finelli, 1999; Mesquita et al., 2006; Rosenfeld, 2003;
Torgersen et al., 2006) as well as the need to identify the hydrogeomorphic processes that
form these habitats (Bult et al., 1998; Fausch et al., 2002; Gangodagamage et al., 2007;
Imhol et al., 1996; Johnson and Host, 2010). Fausch et al. (2002) argued that fish habitat
use at intermediate scales (101 -105 m), where processes are likely to affect fish populations
and communities, are particularly lacking. Two barriers have arguably limited a multi-scalar
style of analysis of fish habitat use. First, the availability of high-resolution observations
of fish habitat use across multiple scales (particularly at reach to segment scales) have historically been lacking prior to the recent development and wider availability of portable
PIT tag antenna readers (Cucherousset et al., 2005). Secondly, a consistent and hydrogeomoprhically coherent way of characterizing physical habitat across multiple spatial scales
where concurrent fish observations exist has rarely been coordinated (Carbonneau et al.,
2012; Thorp et al., 2013).
To accurately capture the range and variability in habitats used by fish, and to understand how these habitats are hierarchically related to each other, continuous fish location data and continuous environmental spatial data are needed (Carbonneau et al., 2012;

38
Fausch et al., 2002; Torgersen et al., 2006). Spatially continuous fish data is needed to
detect patterns and discontinuities in biologic gradients (Hankin and Reeves, 1988; Poole,
2002; Torgersen et al., 2006). Mobile or portable PIT tag detectors (Roussel et al., 2000)
and technology has finally matured to the point that it can be reliably used to track fish
movement and utilization over large areas at regular intervals through time. Continuous
data on environmental variables or fish habitat use not only facilitate detection of physical
or biologic gradients but also help in the delineation of distinct habitat patches (Carbonneau et al., 2012). Inspecting habitat characteristics at multiple spatial scales may present
a continuum of changes as one moves downstream (Vannote et al., 1980). However it has
been found that rivers also work in discrete process sections (Fonstad and Marcus, 2010)
and display considerable patchiness in habitat (Carbonneau et al., 2012; Townsend, 1989),
which result in important discontinuities of habitat and processes at various scales (Burchsted et al., 2010; Poole, 2002; Rice et al., 2001). This patchiness at a small scale might be
observed as coherent assemblages of patches at a larger scale (Chessman et al., 2006).
The River Styles framework developed by Brierley and Fryirs (2008) uses top-down
catchment level characteristics (e.g. valley confinement and landscape units) and bottomup level attributes (e.g. geomorphic units and substrate) to classify reach scale river styles,
which are differentiated by stream character and behavior. Although stage one of River
Styles provides specific workflows for framing, mapping, and explaining the organization of
habitat across nested hierarchical scales, only a few studies have explicitly leveraged River
Styles to explain spatial distributions of biological data for fish (e.g. Chessman et al., 2006)
and invertebrate species assemblages (e.g. Thomson et al., 2004).
The purpose of this study is to elucidate the spatially and temporally continuous habitat use of cutthroat trout, brown trout, and brook trout across three nested hiearchial spatial
scales. Our hypothesis is that each species of trout selects different habitats at three distinct
scales with the null hypothesis being that trout are equally distributed across all habitats.
In this study, we explored differential habitat use of native Bonneville cutthroat trout (Oncorhynchus clarkii Utah)(hereafter, ”BCT”), non-native brown trout (Salmo trutta), and
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non-native brook trout (Salvelinus fontinalis) across three hiearchial spatial scales in a small
watershed in northern Utah. The River Styles Framework is used for classification of large
scale influences and controls (i.e. landscape units), intermediate scale characteristics of various reaches (i.e. reach types), and fine scale components of habitat (i.e. geomorphic units
and structural elements) that affect individual fish. To assist in rapidly characterizing the
habitat within this framework, we capitalized on high-resolution airborne LiDaR and drone
imagery we commissioned, as well as continuous habitat surveys and beaver dam censuses
we performed. On this physical template, we overlaid five years of monthly mobile-antennae
PIT-tag surveys of over 1,375 fish from (Lokteff et al., 2013), which resolved their locations
to +/- 5 m positional accuracy. Although, we use a case study from a small watershed in
the Rocky Mountains of Utah to test our basic hypothesis, the habitat associations and
patterns we reveal have significant implications for the management of imperiled native
trout populations and the methods we introduce are tractable and affordable for implementation by researchers and/or practitioners elsewhere. This study reflects the first attempt
to incorporate continuous spatial environmental data as well as continuous fish habitat use
data into a River Styles context.

3.2

STUDY SITE
The Logan River and its tributaries in northern Utah are one of the last remaining

systems supporting a significant population of the native BCT (Hansen and Budy, 2011;
Harig and Faush, 2002). Reductions to BCT habitat and populations across their native
range have led the American Fisheries Societys Endangered Species Committee to list it as
an imperiled species (Jelks et al., 2008). The perils that BCT populations face and their
diminished populations and range are similar to that of other cutthroat trout populations
in the west, and native trout in general (Dunham et al., 2002; Young, 1995). In the Logan
River, cutthroat trout are threatened by interactions with invasive brown trout and brook
trout. A number of studies have shown large scale gradients in the distributions of these
three trout species (Budy et al., 2008, 2007; de la Hoz Franco and Budy, 2005; Dunham
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et al., 2002; Hilderbrand and Kershner, 2004; McHugh and Budy, 2005, 2006; McHugh et al.,
2008). Cutthroat trout are primarily found in the colder higher elevation reaches, brown
trout are found in warmer mid and lower elevation reaches, and brook trout are found in
the uppermost headwaters in tributaries. However, it is unclear how cutthroat trout use
their environment at a smaller scale where they may co-occur with brown trout or brook
trout.
Of all the tributaries to the Logan River, Temple Fork is unique in that it is a midelevation tributary where all three trout species are found (Budy et al., 2008). This creates
an opportunity to look at differences in habitat use of these three species. Temple Fork is
a third order tributary to the Logan River and Spawn Creek is a second order tributary
to Temple Fork (Figure 3.1). The Temple Fork and Spawn Creek watershed sizes are 41.5
square kilometers and 14.6 square kilometers, respectively. Cutthroat trout can be found
throughout Temple Fork and Spawn Creek. Brown trout are found throughout Spawn Creek
but not in the upper reaches of Temple Fork. The upper reaches of Temple Fork are unique
in that BCT are the only fish species. Brook trout are found only in Spawn Creek and
primarily in the upper reaches of that stream.
Habitat in these two streams is similar to many other western cutthroat trout bearing
streams. Pool habitat typically consists of plunge and backwater pools created by a mix of
natural bedrock constrictions and man-made log weirs as well as forced pools and lateral
scour pools created by local flow width constrictions and expansions. In steeper reaches,
such as the Temple Fork canyon, the stream consists of riffles, cascades, and rapids. With
the exception of the Gorge reaches, the geomorphic character and behavior of the two
streams are heavily influenced by beaver activity. Active beaver alter the stream by building
and maintaining dams and ponds, while relic dams from former or historic beaver activity
leave behind a legacy (e.g. larger valley bottoms, beaver meadows, longitudinally stepped
floodplains, etc.) that continue to affect the streams capacity for adjustment in many valley
reaches (Lokteff et al., 2013). Over our study period from 2008 to 2011, beaver maintained
27 dams (Figure 3.1). Roughly seventeen of the ponds in the upper portion of Spawn
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Creek are part of a major dam complex that has been present for over 30 years (Bernard
and Israelsen, 1982). By contrast, the valley bottom road up Temple Fork minimized
development of beaver ponds in this area until recently.
The annual hydrograph of Temple Fork consists of peak flows dominated by spring
snowmelt with baseflow (0.28-1.39 cms) supported by year-round spring flow (Seidel, 2009).
Peak stream flows usually occur in May to June and are approximately five times baseflow
(de la Hoz Franco and Budy, 2005; Seidel, 2009). The thermal requirements of trout are met
throughout the year due to moderated summer stream temperatures and flows supported
by groundwater springs. At baseflow, wetted widths in reaches without beaver dams are
approximately 5.0 m in Temple Fork above Spawn Creek and 2.5 m in Spawn Creek.
Land management practices have affected stream habitat in both streams. The upper
basins were extensively logged, grazed, and dissected by roads during the late 19th and early
20th century. Temple Fork still has a valley bottom road along the lower 1.8 km but prior
to 1997 the road ran the entire length of our study area in Temple Fork. Livestock grazing
is permitted in riparian areas in the Temple Fork watershed but since 2006 cattle have been
generally excluded from the lower 2.0 km of Spawn Creek (Hansen and Budy, 2011). In
both creeks, willows (salix sp.) are scattered throughout the riparian area and subalpine fir
populate north facing slopes (Hansen and Budy, 2011; Hough-Snee et al., 2013). Aspen is
prevalent in the upper reaches near the largest beaver dam complexes in Spawn Creek but
only found in isolated patches near Temple Fork.

3.3

METHODS
To determine which physical factors played a role in the habitat use of trout in the

Temple Fork watershed, we first need to characterize the physical habitat and what is controlling its organization using a multi-scalar approach. Next, we describe how we sampled
and mapped fish habitat use.
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Fig. 3.1: Temple Fork and Spawn Creek study area.
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3.3.1

Characterization of Physical Habitat

Numerous, hierarchical, multi-scalar habitat classification schemes have been proposed
within a fish habitat context (e.g. Fausch et al., 2002; Frissell et al., 1986). We chose to
characterize physical habitat at three different spatial scales using Stage 1of the River Styles
Framework of Brierley and Fryirs (2008) because of its generic, flexible, process-focused basis and broad applicability to diverse physiographic settings. The steps of the stage one
River Styles involve 1) Assessing catchment level controls, 2) defining and mapping River
Styles and 3) interpreting controls of the character, behavior, and downstream patterns
of River Styles. Among the end-products of this exercise are maps of landscape units and
reach types (River Styles), and stacked profile plots of elevation, stream power, valley width
and channel width.
Catchment level controls were assessed (in part) by deriving landscape units from evaluating a combination of vegetative cover (sagebrush or forested), geology (rock types and
fault areas), surrounding hillslopes (1m slope analysis in ArcGIS), and level IV Utah ecoregions (Semi-Arid Foothills and Wasatch Mountain Zone). These landscape unit boundaries
provided a coarse, potential first-cut on reach type breaks.
To help in both the assessment of catchment level controls and the definition and mapping of River Styles, airborne Light Detection and Ranging (LiDaR) of the Temple Fork
Watershed was flown by the National Center for Airborne Laser Mapping (National Center
for Airborne Laser Mapping, 2011). From the 1 m resolution LiDaR DEM, we derived a
drainage network line, channel slope (in 50 meter segments), upslope drainage area, valley
width, and confinement. Channel widths were semi-automatically digitized using a combination of 1 m LiDaR and high resolution (10 cm) drone imagery. The valley margins
were identified by using the bankfull tool in the River Bathymetry Toolkit (McKean et al.,
2009).Values for channel width (w ), channel slope (S ) and upstream area were used to
estimate unit stream power at a 2 year recurrence interval flood:

Ω=

ρgQ2 S
w

(3.1)
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The two year recurrence interval discharge (Q2 ) was estimated using upslope drainage
area and regional curves from (Wilkowske et al., 2008). Using methods outlined in (Reinfelds et al., 2004), longitudinal profiles of elevation, unit stream power, channel and valley
widths were used to help differentiate reach types (River Styles) and to map reach breaks.
Valley confinement is a key attribute of the top-down controls. To determine confinement, valley margins were buffered by the average bankfull width of each stream (2.5m for
Spawn Creek and 5m for Temple Fork) in ArcGIS. A confined stream section was identified
as a location where the edge of the stream was overlapped by the buffered valley margin.
Floodplain surfaces can consist of a lack of terraces or floodplains, occasional terraces or
floodplains, active beaver influenced floodplain surfaces, or relic beaver influenced floodplain surfaces. Dominant substrate indicates whether the stream bed primarily consists of
bedrock, boulder (>256mm), cobble (70-256mm), gravel (5-70mm), or fines (<5mm).
Twelve in-channel geomorphic unit types were found in the study area. Pools (concavities) consisted of backwater pools, structurally forced pools, bar-forced pools, plunge pools,
and beaver ponds. Some of the pools were associated with natural and artificial grade controls. Beaver ponds are always found upstream of a beaver dam, and backwater pools were
found upstream of bedrock ledges as well as upstream of some artificial log weir structures.
Plunge pools could be found downstream of all three controls. Along a continuum of slope
and relative roughness (from low to high), planar bed features consisted of runs, rapids and
cascades. Bars (convexities) included bank-attached point bars, channel-spanning riffles,
and a few mid-channel diagonal bars. For defining the River Styles and completing step 2,
typical assemblages of geomorphic units were recorded in each River Style.
Although Stage 1 of the River Styles Framework has an explicit role for the distribution
of geomorphic unit types in informing the derivation of river styles, a census based mapping
of geomorphic units is typically only done at pro-forma validation sites. In this study, we
completed a rapid mapping assessment and longitudinally continuous census of instream
habitat features and their controls in the field. Instream habitat was represented by mapping geomorphic units and their dominant substrate types as well as structural elements
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such as artificial log weir structures, natural bedrock outcrop ledges, and beaver dams.
Polygons of active floodplains and terraces were delineated in the field. Aerial imagery was
loaded on to an iPad which was used in the field while walking the stream to continuously
map these characteristics.

3.3.2

Mapping Trout Locations

Data to establish the location of trout within Spawn Creek and Temple Fork was acquired over five years from 2007 to 2012. Electrofishing and angling mark-recapture surveys
were performed once per year during summer months. Fish locations were logged with both
techniques using a map-grade GPS. Upon initial capture, trout with a fork-length greater
than 150 mm were fitted with a Biomark full duplex 11mm Passive Integrated Transponder
(PIT) tag inserted subcutaneously below the dorsal fin.
Active mobile antenna scanning of both streams was performed monthly beginning in
May 2009. One or two observers with mobile PIT tag receivers attached to a wand moved
upstream actively searching for PIT tagged fish (Randall, 2012). During mobile scanning,
locations of tagged fish were determined by synchronizing the location of a handheld GPS
when each fish was recorded by the PIT tag receiver. Instrument recorded PDOP ranged
from +/- 1 to 7 meters.
To simplify a longitudinal network analysis of fish densities and habitat utilization, all
fish locations were snapped to a stream network layer in ArcGIS. The stream layer was
manually digitized from aerial imagery provided by Aggie Air and LiDaR from NCALM.

3.3.3

Habitat Use Patterns

Habitat use was inferred from the overlay of fish locations above with habitat types
mapped at three nested hierarchical scales: landscape reach geomorphic unit. To evaluate
trout habitat use across the watershed as well as within each stream, all observations of
fish were spatially joined to each habitat type at each scale using ArcGIS. Observations of
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fish within each habitat type at each scale were totaled. To determine whether each species
was selecting for habitat, the counts of each species found within a particular habitat was
compared to the number of fish expected to be in that habitat using a chi-square test. The
expected number of fish in a habitat was calculated by assuming a uniform distribution and
multiplying the total number of fish for each species by the proportion of each available
habitat at a particular scale. The null hypothesis was that fish are equally distributed
throughout all habitats based on habitat availability.
To determine whether BCT and brown trout selected habitat differently, BCT counts
within each habitat were standardized by the ratio of all BCT observations to all brown
trout observations. BCT observations within each habitat were divided by this number and
used to compare to the habitat use of brown trout using a chi-square test. Brook trout
habitat use was not compared to that of BCT or brown trout because brook trout habitat
use and their range were clearly different in early analyses. To determine the density of fish
observations per kilometer, counts of fish found within a particular habitat were divided by
the length of available habitat of that type. To compare densities between BCT and brown
trout, densities were again standardized by the ratio of all BCT observations to all brown
trout observations.
To assist in simple comparisons across species and habitat types, an electivity index
was calculated for each species within each habitat at all scales. The electivity index is
a ratio of the proportion of a species within a specific habitat against the proportion of
that habitat type. For example the electivity index for BCT in the PCSF-RBI river style
compares the proportion of BCT found in PCSF - RBI river style against the proportion
of available PCSF RBI habitat. Following (Pasternack, 2011) an electivity index EI, was
calculated for each segment type (i):
n Σn
EIi = i i
li Σli

(3.2)

where (ni ) is the number of fish surveyed in habitat type (i ) and (li ) is the length
of that habitat type. The EI essentially normalizes utilization by availability and a value
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less than one indicates avoidance of a particular habitat, whereas a value greater than one
indicates preference for a habitat.
To understand the role of structural elements on the habitats used by fish, the distance
from each fish observation to each type of structural element was calculated. The structural
elements considered were beaver dams, bedrock steps, and artificial log weir steps. These
distances were used to create cumulative distribution plots of the distances from each control type for each species. The data in GIS showed some fish that were located on a control
structure. However, it is unlikely that these fish were actually detected on the structural
element itself. They were typically either in the pool above or below a structure. Thus, we
evaluated the proximity of each fish to control structures to determine how fish use habitats
created by these structural elements.

3.4

RESULTS AND INTERPRETATION
We start by presenting our mapping and classification of physical habitat and then

report some of the interpretations applying our river styles classification to help explain
why we see habitat organized the way we do. We then present our fish observations and
analysis of their habitat use patterns followed by some interpretations of these patterns.

3.4.1

Physical Habitat

Using the River Styles Framework, consistent assemblages of geomorphic unit habitats
within specific river styles were identified (Figures 3.2 and 3.3). At the landscape unit
level, canyon landscape units were only found in Temple Fork. Sagebrush upland was
the dominant landscape unit type in Temple Fork and Spawn Creek. In Spawn Creek, the
transition from sagebrush upland to forested upland occurred where beaver were consistently
found. Sagebrush uplands fall in the semi-arid foothill ecoregion, have moderate to low
hillslopes, are downstream of the north-south fault that runs through the study area, and
are dominated by sagebrush. Forested uplands fall in either ecoregion, have moderate to
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low hillslopes, are on both sides of the north-south fault that runs through the study area,
and have substantial forested cover on both sides of the stream. Aspen is the dominant
tree type in forested uplands. Canyons fall in the semi-arid foothill ecoregion, have steep
hillslopes, are downstream of the north-south fault that runs through the study area, and
contain a higher proportion of instream bedrock then other landscape units. Montane
reaches are upstream of the north-south fault that runs through the study area. Sampling
in this landscape unit was not consistent and fish in this landscape unit are very rare or
nonexistent. Montane reaches are not used to evaluate fish habitat in this study.
At the intermediate scale, four river styles were defined and characterized: Partially
Confined with Stepped Floodplain Active Beaver Influence (PCSF - ABI ), Partially Confined with Stepped Floodplain Relic Beaver Influene (PCSF - RBI ), Gorge, and Confined
Valley with Occasional Floodplain Pockets (CVOFP ) (Figure 3.2). Divisions in river styles
often occur at breaks in landscape units and often display a transitional zone from one
river style to another. Further divisions in river styles were selected based a decision tree
consisting of five characteristics of stream reaches: Confinement, Valley Setting, Floodplain
Surfaces, Dominant Substrate, and Geomorphic Units (Figure 3.4).
At the river styles level, PCSF - RBI and CVOFP made up the majority of the
sagebrush upland landscape units (Figure 3.5). Forested uplands were dominated by PCSF
- ABI. Canyon landscape units were almost completely composed of CVOFP and Gorge
river styles.
Proportions of geomorphic units changed within each river style (Figure 3.6). Beaver
ponds and beaver dams had their highest proportions within the PCSF - ABI river style.
Riffles, cascades, and rapids also saw moderate proportions within PCSF - ABI. Many
cascades and rapids were found in the side channels created by beaver in the upper Spawn
Creek beaver complex. Cascades were also the dominant geomorphic unit within PCSF RBI. When compared to the other river styles, PCSF - RBI had the highest proportion of
structurally forced pools, plunge pools, artificial log steps, and bedrock steps. Within the
CVOFP river style, cascades and riffles were found in high proportions. Backwater pools,
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Fig. 3.2: Temple Fork and Spawn Creek landscape units and River Styles. Stars show the
location of individual beaver dams. Numbers indicate the number of dams within a beaver
dam complex.
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Fig. 3.3: Temple Fork and Spawn Creek River Styles and geomorphic units. Call out maps
show geomorphic units within sample sections of Spawn Creek and Temple Fork.
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Fig. 3.4: River Styles tree for Temple Fork Watershed. Aspects of the physical environment are structured in a top-down organization to select a River Style to describe stream
character.

52

Fig. 3.5: Proportions of river styles within landscape units. Sagebrush uplands are primarily
composed of CVOFP and PCSF-RBI, forested uplands are primarily composed of PCSFABI, and canyons are primarily composed of CVOFP and Gorges.
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bar forced pools, and bedrock steps also saw their highest proportions in CVOFP. The
highest proportion of cascades was found in the Gorge river style. In the Gorges, plunge
pools and bedrock steps also had relatively high proportions.
Plots of elevation profiles with stream power, stream width, and valley width were
created to visually compare slope and changes in stream and valley width (Figure 3.7 and
3.8). The level of stream power corresponds well with slope and each river style. Stream
power is generally elevated in Gorge reaches and is lower in PCSF - ABI reaches (Figure 7).
Changes in stream and valley width also correspond to the type of river style. Stream and
valley widths are wider in PCSF - ABI and PCSF - RBI and more constricted in Gorge
reaches.

3.4.2

Fish Habitat Use

Proportions of each trout species found within river styles and geomorphic units were
significantly different. We found each species was not randomly distributed across habitat
measured at any scale (P<0.05, Table 3.1, 3.2, and 3.3). Chi-square values indicate whether
there is a significant difference between the number of observations within a habitat and the
number of observations expected to be in that habitat. Larger chi-square values indicate
areas where habitat use is increasingly different than expected. For example, 813 BCT were
found in the PCSF - RBI river style whereas 347 were expected resulting in a Chi-square
value of 625.
BCT were found more frequently than twice the expected value in PCSF - ABI river
styles and pond geomorphic units. They were found less than half the expected value in
canyon landscape units, Gorge river styles, and rapid geomorphic units. Brown trout were
found more frequently than twice the expected value in the geomorphic units of artificial
log steps and bedrock steps. They were found less than half the expected value in the Gorge
river style. Brook trout were found more frequently than twice the expected value in Spawn
Creek, forested upland landscape units, the PCSF - ABI river style, and the geomorphic
units of ponds and beaver dams. While many habitats are not available to them since they
are only found in Spawn Creek, they were found less than half the expected value in cascade
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Fig. 3.6: Proportions of geomorphic units (left) and structural elements (right) within river
styles. PCSF-ABI is primarily composed of ponds and riffles. PCSF-RBI is primarily
composed of cascades, rapids, and riffles. PCSF-RBI also has the largest proportion of
forced pools and plunge pools. CVOFP is primarily composed of cascades and riffles.
CVOFP also has a large proportion of forced pools and plunge pools. Gorges are highly
dominated by cascades.
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Fig. 3.7: Long profiles of Temple Fork and Spawn Creek with unit stream power.
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Fig. 3.8: Long profiles of Temple Fork and Spawn Creek with stream width and valley width.
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geomorphic units.
Table 3.1: Habitat use, electivity index, and observation density of BCT. Habitat use
(exp) compares the number of observations against the expected number of observations.
Electivity index is a ratio of the proportion of cutthroat trout in a habitat against the
proportion of that habitat. Density indicates the density of observations in a particular
habitat. Large Chi square values indicate habitats where the observed and expected values
are increasingly different. All Chi-square tests were significant at a significance level of
P<0.05.

Scale
Stream
Landscape
Unit
River
Style

Geomorphic
Unit

Structural
Elements

Habitat
Spawn
Temple
Sagebrush Upland
Forested Upland
Canyon
PCSF-ABI
PCSF-RBI
CVOFP
Gorge
Backwater Pool
S. Forced Pool
Bar Forced Pool
Plunge Pool
Pond
Cascade
Rapid
Riffle
Run
Artificial Log Step
Bedrock Step
Beaver Dam

Habitat Use
(Exp)
1036(967)
1096(1165)
1610(1419)
356(346)
166(367)
813(347)
317(529)
789(797)
213(458)
145(85)
244(196)
79(41)
321(212)
294(131)
416(704)
27(125)
293(271)
216(291)
10(14)
61(37)
26(24)

Electivity
Index
1.07
0.94
1.13
1.03
0.45
2.34
0.60
0.99
0.46
1.70
1.24
1.92
1.52
2.24
0.59
0.22
1.08
0.74
0.74
1.64
1.08

Density
(obs./km)
354
310
200
182
80
609
156
257
121
562
410
632
500
741
195
71
356
245
244
540
356

ChiSquare
4.95
4.11
25.77
0.28
110.10
624.98
85.11
0.09
131.24
42.15
11.60
34.59
56.33
202.97
118.01
77.17
1.70
19.16
0.92
15.10
0.15
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Table 3.2: Habitat use and observation density of brown trout.

Scale
Stream
Landscape
Unit
River
Style

Geomorphic
Unit

Structural
Elements

Habitat
Spawn
Temple
Sagebrush Upland
Forested Upland
Canyon
PCSF-ABI
PCSF-RBI
CVOFP
Gorge
Backwater Pool
S. Forced Pool
Bar Forced Pool
Plunge Pool
Pond
Cascade
Rapid
Riffle
Run
Artificial Log Step
Bedrock Step
Beaver Dam

Habitat Use
(Exp)
366(290)
274(350)
451(426)
133(104)
56(110)
105(104)
224(159)
265(239)
46(138)
56(26)
79(59)
14(12)
119(64)
29(39)
118(211)
18(38)
91(81)
69(87)
18(4)
31(11)
5(7)

Electivity
Index
1.26
0.78
1.06
1.28
0.51
1.01
1.41
1.11
0.33
2.15
1.34
1.13
1.87
0.74
0.56
0.48
1.12
0.72
4.43
2.77
0.69

Density
(obs./km)
125
78
56
68
27
79
110
86
26
213
133
112
185
73
55
47
111
72
440
274
68

ChiSquare
19.78
16.42
1.48
8.14
26.64
0.01
26.70
2.75
60.94
33.95
6.84
0.21
48.32
2.71
41.28
10.24
1.11
6.74
47.86
35.07
0.69
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Table 3.3: Habitat use and observation density of brook trout.

Scale
Stream
Landscape
Unit
River
Style

Geomorphic
Unit

Structural
Elements

Habitat
Spawn
Temple
Sagebrush Upland
Forested Upland
Canyon
PCSF-ABI
PCSF-RBI
CVOFP
Gorge
Backwater Pool
S. Forced Pool
Bar Forced Pool
Plunge Pool
Pond
Cascade
Rapid
Riffle
Run
Artificial Log Step
Bedrock Step
Beaver Dam

Habitat Use
(Exp)
952(296)
0(356)
4(434)
648(106)
0(112)
639(106)
9(162)
4(244)
0(140)
24(26)
15(60)
0(13)
41(65)
307(40)
65(217)
7(39)
114(84)
24(90)
1(4)
2(11)
58(7)

Electivity
Index
2.21
0
0.01
6.12
0
6.02
0.06
0.02
0
0.91
0.25
0
0.63
7.60
0.30
0.18
1.36
0.27
0.24
0.17
7.80

Density
(obs./km)
223
0
0
330
0
479
4
1
0
93
25
0
64
773
30
18
139
27
24
18
795

ChiSquare
429.45
356.33
425.93
2776.15
112.24
2673.92
144.35
235.91
140.13
0.20
34.29
12.73
9.08
1758.24
106.80
25.95
10.89
48.12
2.41
7.85
344.06

The electivity indexes show preference and avoidance of habitats for each species. At
the river styles level, BCT prefer ABVIS and avoid PCSF - RBI and Gorges (Figure 3.9).
Brown trout prefer PCSF - RBI and avoid Gorges. Brook trout prefer PCSF - ABI and
are rarely found in other habitats. At the geomorphic unit level, BCT prefer backwater
pools, bar forced bar forced pools, plunge pools, ponds, and bedrock steps (Figure 3.10).
They avoid cascades, rapids, runs, and artificial log steps. Brown trout prefer backwater
pools, structurally forced pools, artificial log steps, and bedrock steps. They avoid ponds,
cascades, rapids, runs, and beaver dams. Brook trout prefer ponds, riffles, and beaver dams.
They avoid all other geomorphic units.
BCT habitat use specifically compared to that of brown trout differed significantly
(P<0.05, Table 3.4). The standardized counts of BCT in each habitat compared to brown
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Fig. 3.9: Electivity for BCT, brown trout, and brook trout in river styles. The electivity
index divides the proportion of fish found in each river style by the proportion of each
available river style by length. Values above one indicate preference (blue shaded area)
where values less than one indicate tolerance or avoidance (red shaded area). A value of
zero indicates that no fish of that species were found in that river style.
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Fig. 3.10: Electivity for BCT, brown trout, and brook trout in geomorphic units. The electivity index divides the proportion of fish found in each geomorphic unit by the proportion
of each available geomorphic unit by length. Values above one indicate preference (blue
shaded area) where values less than one indicate tolerance or avoidance (red shaded area).
A value of zero indicates that no fish of that species were found in that geomorphic unit.
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trout in each habitat show that more BCT are found in Spawn Creek, sagebrush uplands,
PCSF - ABI, Gorges, bar forced pools, ponds, cascades, riffles, and beaver dams. In beaver
altered habitats, the proportion of BCT found in PCSF - ABI was more than twice the
proportion of brown trout. This relationship is almost the exact opposite in PCSF - RBI ;
the proportion of brown trout is twice that of BCT.
Table 3.4: Comparison of the habitat use of cutthroat trout and brown trout. Cutthroat
trout habitat use counts and densities were standardized by dividing by the ratio of all
cutthroat trout counts to all brown trout counts (3.33).

Scale
Stream
Landscape
Unit
River
Style

Geomorphic
Unit

Structural
Elements

Habitat
Spawn
Temple
Sagebrush Upland
Forested Upland
Canyon
PCSF-ABI
PCSF-RBI
CVOFP
Gorge
Backwater Pool
S. Forced Pool
Bar Forced Pool
Plunge Pool
Pond
Cascade
Rapid
Riffle
Run
Artificial Log Step
Bedrock Step
Beaver Dam

Habitat Use CountsCutthroat (Brown)
311(366)
329(274)
483(451)
106(133)
49(56)
244(105)
95(224)
237(265)
64(46)
44(55)
73(79)
24(14)
96(119)
88(29)
125(118)
8(18)
88(91)
65(63)
3(18)
18(31)
8(5)

Chi-Square
8.23
11.09
2.34
5.12
0.68
184.39
74.07
2.97
7.02
2.39
0.42
6.75
4.29
121.21
0.41
5.56
0.10
0.06
12.49
5.19
1.58

Above the forth beaver dam in Temple Fork, brown trout were absent and BCT were the
only species (Lokteff et al., 2013). In this stream section, BCT were almost exclusively found
in the sagebrush upland landscape unit and they selected for the PCSF - ABI river style
(Table 3.5). Within geomorphic units, BCT in this section selected slower water velocity
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areas such as pools more than expected and faster water velocity areas less than expected
with the exception of riffles which they used more than expected. Habitat use of BCT
in geomorphic units in the upper section of Temple Fork was significantly different when
compared to the habitat use of all BCT found in geomorphic units across the watershed
(P<0.05, Table 3.5).
Table 3.5: The cumulative proportion of each species that is found within a distance (m)
from each type of structural element. For example, 10 percent of cutthroat trout are found
within 2m of a bedrock step.

Bedrock Step
P10
P50
P90

Cutthroat
2
38
219

Brown
1
18
79

Brook
27
81
128

Artificial Log Step
P10
P50
P90

Cutthroat
24
197
492

Brown
2
99
405

Brook
398
470
559

Beaver Dam
P10
P50
P90

Cutthroat
4
96
408

Brown
9
245
407

Brook
1
4
11

Fish per linear kilometer represent the count of each species within a habitat adjusted
for the availability of that habitat. BCT densities were highest in the PCSF - ABI river
style and the geomorphic units of backwater pools, bar forced pools, plunge pools, ponds,
and bedrock steps (Table 3.1). Brown trout densities are lower than BCT because for every
brown trout we observed, we observed 3.33 BCT. Brown trout densities were highest in
the geomorphic units of backwater pools, artificial log steps, and bedrock steps (Table 3.2).
Brook trout densities are similar to brown trout where for every brook trout observed, we
observed 3.27 BCT. Brook trout densities were highest in Spawn Creek, forested upland
landscape units, the PCSF - ABI river style, and the geomorphic units of ponds and beaver
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dams (Table 3.3).
Cumulative distributions of the proportion of each species in proximity to each type
of control reveal differences in each species use of control structures (Figure 3.11). Brown
trout were in proximity to bedrock steps and artificial log steps more than BCT or brook
trout. Fifty percent of brown trout were found within 18 meters of a bedrock step and 99
meters of an artificial log step. BCT were in proximity to bedrock steps more than artificial
log steps. Fifty percent of BCT were within 38 meters of a bedrock step and 197 meters
of an artificial log step. Brook trout were always within close proximity to beaver dams.
Ninety percent of brook trout were within 11 meters from a beaver dam. BCT were in
closer proximity to beaver dams when compared to brown trout. Fifty percent of BCT were
within 96 meters of a beaver dam and fifty percent of brown trout were within 245 meters
of a beaver dam.

3.5

DISCUSSION

3.5.1

Transferability of the River Styles Framework

The River Styles Framework was a useful tool in identifying and classifying hierarchical
aspects of the physical environment that affected the habitat use of BCT, brown trout, and
brook trout. It enabled us to detect different environmental characteristics that were associated with the observed differences in each species habitat use across spatial scales. Brook
trout habitat use could be explained by their coexistence with beaver. BCT and brown
trout showed differences in their habitat use at the intermediate river styles level and the
fine scale geomorphic unit scale.
Many of the differences in habitat use between BCT and brown trout were evident at
the geomorphic unit level. Our findings support previous studies that have found variability in pool or riffle types and their corresponding habitat use (Bisson et al., 1982). From
a geomorphic perspective, we broke out geomorphic unit types like we did (i.e. not just
lumping all pools into one category), because each pool type corresponds to specific set of
fluvial processes that explain its formation and maintenance. A beaver pond pool is very
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different than a plunge pool for example. From a fish habitat perspective, these differing
pool types create very different hydraulic conditions for fish. Future research is needed on
specific pool type selection by trout and the specific hydraulic conditions present in each
pool type.
This assessment of habitat at a fine scale begs the question: Why not assess habitat
use in geomorphic units alone? Assessing all of the geomorphic units in the Temple Fork
watershed was possible because of its small size. It may not be practical to use this same
approach in large watersheds. Without a continuous assessment of all available habitats, it
would be misleading to sample small scale units and then extrapolate these measurements
to a larger scale without understanding the role of large scale controls. Assessing habitat
use in a sample of small scale habitats would likely not capture the habitat heterogeneity
and variability in fish assemblages seen over medium to large scales (Fausch et al., 2002).
An understanding of the processes that form fine scale habitats might also be lost with a
sparse sampling strategy. However, many of the characteristics used to establish river styles
can be rapidly assessed using remotely sensed data over larger extents. By understanding
the relationships between habitats at different spatial scales and the processes that create
and maintain those habitats, researchers can potentially apply what is learned in smaller
watersheds to larger extents (Bissonette, 1997). More research is needed to use similar
methods over larger extents and in different types of habitat.
Another advantage of using the River Styles Framework is its flexibility. River Styles
does not use an established set of intermediate scales to classify streams. River styles are created using both coarse landscape unit classifications and small scale observations of stream
behavior. River styles are the result of landscape level controls on stream behavior and
a unique assemblage of geomorphic units. The resulting intermediate scale classifications
describe stream behavior that is unique to the character of a single stream or watershed. In
this study, constricted canyon reaches and beaver alterations exhibited large scale controls
on the behavior of the stream. The effects of these controls were seen in the distribution
of small scale habitats and thus the habitat use of fish. It would be unrealistic to apply
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the river styles developed in Temple Fork and Spawn Creek to other watersheds, especially
ones of different size and character. However, the methods used to create these river styles
are applicable in many other areas.

3.5.2

Fish Habitat Use

Each species of trout used available habitats differently across spatial scales. Brook
trouts specialized habitat use can be explained by the presence of beaver in Spawn Creek.
Beaver altered habitats begin to occur at the transition from sagebrush upland to forested
upland in Spawn Creek which is also where brook trout are commonly found. It seems
reasonable that this finding would indicate that forested upland landscape units would be
an indicator of the presence of brook trout. However, the presence of beaver in forested
uplands does not always correspond to the presence of brook trout. Beaver are found in
and near the forested upland section of upper Temple Fork but brook trout have never been
observed in any part of this stream. It is unclear why brook trout would be absent from
this habitat and more research is needed to determine why brook trout would occupy one
headwater stream and not another, especially when conditions appear to be favorable for
brook trout.
Differences in the habitat use of BCT and brown trout begin to appear at the river
styles level (Figure 3.8). Higher selection of PCSF - ABI by BCT suggests that these
fish coexist well with beaver and select the habitats that beaver create. Higher selection
of PCSF - RBI by brown trout suggests these fish select habitats historically altered by
beaver. Beaver may create conditions favorable to brown trout but these fish might be
avoiding active beaver activities such as dam construction, tunneling, and food caching.
In slow water habitats at the geomorphic unit level, the electivity for BCT was higher
than brown trout in bar forced pools, ponds, and beaver dams (Figure 3.9). Increased use
of pools and beaver ponds by BCT was also observed in Water Canyon, Wyoming (White
and Rahel, 2008). Aside from ponds, BCT densities were highest in backwater pools, lateral
scour pools, and bedrock steps (Table 3.1). This suggests that BCT select for pool habitats
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created and maintained by naturally occurring fluvial processes. Scour around meander
bends or scour downstream of a bedrock step feature create high quality pool habitats for
BCT (Bozek and Rahel, 1991). Use of dynamic habitats also suggests that management
of BCT populations would do well to use habitat restoration or conservation strategies
that incorporate or imitate dynamic fluvial processes. Reintroduction of beaver or allowing
beaver to freely build dams would be an inexpensive and effective way to introduce and
maintain habitat dynamism that would benefit BCT and other species of cutthroat trout
in the western U.S.
The density of BCT in ponds was over twice the density of brown trout. Brown trout
proportions and densities are low in beaver ponds because they are not found in the ponds
of upper Temple Fork or the uppermost ponds in Spawn Creek. This is likely due to the
lower number of brown trout passing beaver dams in this watershed (Lokteff et al., 2013).
Counts of fish in these habitats are underestimates due to the lower detection probability
in beaver ponds. Lower detection in beaver ponds means that pond habitat use is actually
higher than our data indicates making the difference in BCT and brown trout habitat use
more pronounced. In light of cutthroat trout selecting for beaver altered habitats and evidence that beaver dams do not impede the movements of cutthroat trout, restoration and
conservation efforts that partner with beaver would be beneficial to cutthroat trout.
Brown trout selection was higher than BCT in backwater pools, structurally forced
pools, plunge pools, artificial log steps, and bedrock steps (Figure 3.9). Brown trout density was highest in backwater pools, plunge pools, artificial log steps, and bedrock steps
(Table 3.2). This suggests that while brown trout and BCT select similar pool habitat created by bedrock steps (Herger et al., 1996), brown trout also select for pool habitat created
by artificial log steps. Brown trout may be selecting habitats with relatively lower levels
of turbulence (Cotel et al., 2006). This finding may provide information important to the
restoration and conservation of BCT in the presence of brown trout. If restoration seeks to
help BCT through the implementation of various structures to create high quality habitat,
then those structures should imitate naturally occurring processes that create and maintain
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pools (Rosenfeld, 2003). Artificial structures that create slow water velocity habitats by
creating backwater areas and downstream scour pools, especially those that create highly
stable environments, may be more beneficial to brown trout.
In upper Temple Fork where BCT are the only fish species, evaluation of habitat use is
unique since there is no competition from brown trout. In this section, the majority of BCT
was found in the PCSF - ABI river style and the geomorphic units of ponds, riffles, and
structurally forced pools (Table 3.5). Their densities in PCSF - ABI and the geomorphic
units of backwater pools, lateral scour pools, and ponds were higher than anywhere else
in the watershed. The increase in BCT density in backwater pools is interesting in light
of the high density of brown trout found in backwater pools in the rest of the watershed.
This would suggest competition from brown trout excludes BCT from backwater pools in
areas where the two species co-occur. The large increase in BCT density within this section
of Temple Fork is a factor of the decrease in the total habitat available and the high concentration of fish within this section. The high concentration of BCT in this section also
indicates that they thrive in high quality beaver altered habitats without competition from
brown trout. It is unclear why there are no brown trout in this section of stream. It seems
reasonable that brown trout would be able to cross the beaver dam found at the transition
from Gorge to PCSF - ABI. The lack of brown trout could be caused by competition from
the high concentration of BCT (Budy et al., 2008) or an unmeasured longitudinal gradient
in physical conditions such as water temperature (Meredith, 2012).

3.6

CONCLUSION
A River Styles Framework was used to classify the habitat of fish bearing areas of

Spawn Creek and Temple Fork. These classifications were used in a multi-scalar analysis of
the habitat use of Bonneville cutthroat trout, brown trout, and brook trout. The hierarchical nature of the habitats selected using a River Styles approach provides a framework for a
multi-scalar analysis of fish habitat use. When all fish observations were used, habitat use
patterns differed by species at the landscape unit, river styles, and geomorphic unit levels.
In general, cutthroat trout selected for habitats that have been affected by beaver. Brown
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trout selected for slower water velocity habitats in highly stable environments controlled
by artificial structures or bedrock steps. Brook trout were only found in Spawn Creek and
were usually located in beaver ponds.
These findings provide information toward managing interactions between these three
species. In this watershed, cutthroat trout and brown trout share much of the same habitat. Restoration strategies that incorporate instream structures in the presence of both
cutthroat trout and brown trout may be more beneficial to brown trout since these structures are frequently placed to create highly stable habitats. Restoration techniques that
imitate or incorporate dynamic fluvial processes, including alteration by beaver, would be
more likely to benefit cutthroat trout. In areas where brook trout are a species of concern,
habitat conditions in Spawn Creek can be used as a model for habitat where brook trout
thrive. The differences seen in the habitat use of cutthroat trout, brown trout, and brook
trout, will provide knowledge toward the continued conservation of native cutthroat trout
populations in the Logan River and across the western U.S.
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CHAPTER 4
CONCLUSIONS AND IMPLICATIONS
With the decline in cutthroat trout populations and habitat, thorough knowledge of
detailed habitat use and coexistence with other aquatic species will contribute to the continued conservation of cutthroat trout. Our understanding of the status of cutthroat trout becomes more compete as studies evaluating physical habitat, competition with other species,
movement, and migration incorporate a multiscalar perspective. This perspective allows us
to view not only fine scale components that affect an individual fish, but watershed scale
components that affect entire populations. This study found that beaver dams affected the
movements of three trout species differently and the resulting impacts had a large scale
effect on large scale species distributions. It also found that each species used different
physical habitat features across three spatial scales.
Cutthroat trout in the Temple Fork watershed are greatly affected by beaver altered
habitats. Not only can cutthroat trout, brown trout, and brook trout movements be affected by beaver dams, habitats created by beaver are used differently by each species of
fish. The evaluation of beaver dam passage and use of beaver altered habitats are complicated by the dynamic nature of beaver dams. Beavers frequently reengineer their habitat.
Over the course of this study alone, beaver have constructed two new dams (S1, S2) and
two dams have failed (T3, T9). Two dams have increased in height, length, and their ponds
have increased in depth (T2 and S9). Flow patterns around (side channels) and through a
number of dams (over the dam to under the dam) have also changed over the course of this
study. These physical changes can alter if and how fish movement is facilitated on a daily
to annual basis. Beaver altered habitats used by fish also change through time. Lentic pond
habitats can be quickly converted back to lotic habitats by dam failures or from being filled
with sediment. New lentic pond habitats can be created in very short time periods (days to
weeks) through the construction of new dams. The dramatic and subtle changes observed
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in dam configuration suggest far more attention needs to be paid to how dam characteristics change through time in response to both beaver activity and hydrology (floods and
droughts). In light of evidence that cutthroat trout were adept at passing beaver dams
and their frequent use of beaver altered habitats, efforts at conservation or restoration of
cutthroat trout populations would do well to partner with beaver.
Cutthroat trout appear to thrive in beaver altered habitats, especially when they are
the only fish species present. It has been shown that fish abundance and condition generally
increase in beaver ponds (Collen and Gibson, 2000; Pollock et al., 2003). Cutthroat trout
habitat use of beaver modified habitats and their ability to pass dams should also put to rest
the conflicting perceptions of the benefits beaver create for cutthroat trout (Kemp et al.,
2012). However, where cutthroat trout and brook trout share habitat, brook trout also gain
from the same benefits. More research is needed to understand why cutthroat trout occur
in isolation in one stream and sympatrically with brook trout in another as seen in Temple
Fork and Spawn Creek.
In streams where cutthroat trout and brown trout are both found, helping beaver to
establish dams in downstream locations may help to isolate these two species from one
another. In light of the lack of brown trout that passed large beaver dams, these structures
may help to slow or eliminate the upstream invasion of brown trout into cutthroat trout
populations. Recent projects designed to imitate beaver structures (DeVries et al., 2012)
or entice beaver to build dams (Pollock et al., 2009, 2011) to create a desired geomorphic
change may inadvertently help control the upstream spread of invasive fish species like
brown trout. However, more research is needed to understand the relationships between
invasive and native fish species that coexist within beaver altered habitats.
The difference in the habitat selection of cutthroat trout and brown trout indicate that
fish are selecting habitats that result from different stream processes. Use of the River
Styles framework allowed us to evaluate the habitat use of cutthroat trout, brown trout,
and brook trout at spatial scales ranging from the landscape scale to the geomorphic unit
scale. This hierarchical view of the stream provided an understanding of the processes and
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controls affecting the organization and structure of fine scale habitats used by individual
fish. It also allowed for the spatially continuous evaluation of habitat use of the three trout
species across multiple spatial scales. All trout selected habitat differently at both geomorphic unit and the intermediate River Styles scales. The detection of different habitat use
at intermediate scales may apply to other similar streams that contain a combination of
cutthroat trout, brown trout, or brook trout.
The use of the River Styles framework would be advantageous in other streams. While
the suite of specific River Styles will need to be defined independently for each watershed,
the methods used in this study to derive River Styles could be applied elsewhere. One of the
biggest advantages of using a River Styles framework is that the user focuses on explaining
the occurrence of form with physical processes and controls within a catchment context as
opposed to solely describing form (Brierley and Fryirs, 2008; Brierley et al., 2002). Through
the use of the River Styles framework, the users attention is focused on the hierarchical relationships between physical habitat features across spatial scales and the processes that
form and maintain those habitats.
In this study, cutthroat trout selected beaver altered habitats and pool habitats created by more dynamic natural processes more than brown trout. Brown trout frequently
selected stable pool environments created by artificial structures or bedrock outcrops. The
detection of different pool habitat use by each species would not have been possible without
using the geomorphic unit classifications from River Styles. Classifying all slow habitats
as pools would have generalized the observed habitat use patterns and would likely show
very similar results. High brown trout use of pools created by stable physical structures
advocates for restoration designs that aim to incorporate or restore natural processes in
streams where brown trout are seen as invasive. Restoration strategies that aim to create
a highly stable environment that are designed to never change would benefit brown trout
more than cutthroat trout.
While this study seeks to understand the relationships between cutthroat trout and
their habitat, including their relationships with beaver, more research is still needed. It
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is clear that trout do indeed pass beaver dams. The next question to answer is, how? In
this study, there was no way to determine whether trout passed beaver dams by going
over, under, through, or around dams. Specific dam characteristics such as dam height or
construction material may also play a role in the paths fish use to pass dams. This study
also provides knowledge toward the understanding of how cutthroat trout, brown trout,
and brook trout use their habitat across multiple spatial scales. More research is needed to
understand how multiple trout species coexist within the same habitat. Do all trout select
for the same habitat but are forced to move because of carrying capacity of competition?
At what spatial scale do competitive effects override an ideal free distribution where fish
are free to select any habitat?
In light of the reductions in the populations and habitats of cutthroat trout, this study
provides some solid empirical evidence and explanations about the relationship between
trout and beaver and trout and their habitats. Contrary to the popular and anecdotal beliefs of some scientists, trout are able to pass beaver dams in both directions. Beaver dams
may be beneficial to cutthroat trout and brook trout, which have historically co-evolved and
coexisted with North American beaver. As extirpation and dramatic reductions of beaver
coincided with the decline of cutthroat trout populations, it stands to reason that promoting beaver populations may help in improving conditions for cutthroat populations. More
research is needed to ascertain whether there may be other unintended consequences of reintroducing or promoting beaver populations, however results from this study will be useful to
stream, watershed and fisheries managers. Cutthroat trout, brown trout, and brook trout
also use their habitats differently across multiple spatial scales. Cutthroat trout selected
dynamic habitats, brown trout selected stable habitats, and brook trout selected beaver
altered habitats. The differences seen in the habitat use of cutthroat trout, brown trout,
and brook trout, as well as the differences in beaver dam passage will provide knowledge
toward the continued conservation of native cutthroat trout populations in the Logan River
and across the western U.S.
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